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2 

TABLE 2 

POSSIBLE INTERFERING LINES IN-THE DETERMINATION OF Ga BY XRF 

Element Line Order Intensity 0 2-0 LiF(200) 

w L~1 1 50 37.12 ~'( 

Ta L~2 1 20 37.21 ~'( 

Zn K~l 1 20 37.54 ,'(* x 
Hf L~5 1 • 1 37.60 ,'dr 

w L~4 1 4 37.72 * 
Th Ly 1 2 10 37.84 

Ta L/33 1 6 37.87 * 
Nb K~2 2 5 37.90 * 
Pt La1 1 100 38.05 

38.05 Bl x 
Hf L~2 1 20 38.47 ,'(* 

Ta L~1 1 50 38.47 .,, 

Nb K~ 1 2 18 38. 56 ,._ 

Ba K~2 4 7 38.61 * 

Nb K~3 2 7 38.62 * 

Ga Kal 2 1 150 38.90 ** x 
' Ta L~4 1 4 39 .04 * 

Pb LL 1 3 39.16 * 
Ir La:1 1 100 39.22 

Hf L~3 1 6 39.25 *,'( 

39.40 B2 x 
Ba l</31 4 21 39.59 * 

39 .• 60 (B2) 

Ba K[3 3 4 7 39. 71 -Ir 

Hf L~1 1 50 39.89 ,'(* x 

Zr l</32 2 4 40.07 ,., 

Tl LL 1 3 40.22 

Os La1 1 100 40.40 

Cu Kf31 1 20 40.44 ,.,* v 
A 

Hf L~4 1 4 40.43 ** 
Zr K~1 2 18 40. 74 ,., 

Other possible interfering elements are: Er, Ho and Lu. ** Interferences 
for which corrections were made. , ,., Interferences which were investigated 
but for which no corrections were made. X Angles at which measurements 
were made. Data are taken from White and Johnson (1970). 
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5 

TABLE 5 

SETS OF COUNTING TIMES USED IN THIS WORK FOR THE DETERMINATION OF Ga, 

TOGETHER WITH APPROXIMATE DETECTION LIMITS 

Code Zn K~ Bl Ga Kcx B2 Hf L~l Cu K ~ Total 
Time 
Mins. 

240 60 60 120 60 60 60 7 

400 100 100,' 200 100 100 100 12 

480 60 120 240 120 120 60 12 

800 100 200 400 200 200 100 20 

1080 120 240 600 240 240 120 26 

1400 200 400 600 400 400 200 37 

80 20 20 40 20 20 20 212 
(testing) 

All counting times in secands. 

APPROXIMATE DETECTION LIM1TS IN PPM FOR VARIOUS COUNTING TIME CODES 

Code Zn Ga Hf Cu 

240 10 0.7 6 10 

400 9 o.s 5 9 

480 9 0.5 5 9 

800 8 0.4 4 8 

1080 7 0.4 4 7 

1400 6 0.3 3 6 
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7 

TABLE 7 

LINE INTERFERENCES AT PEAK AND BACKGROUND POSITIONS AS PERCENTAGES OF 

THE MEASURED PEAK INTENSITIES FOR Zn, Ga, Hf AND Cu 

Interfering Position % of 
Element Main Peak 

Zn Bl 4.9 

Ga Bl 0.9 

Ga B2 4.9 

·Ga Hf 0.4 

Hf Zn 0.6 

Hf Bl 3.9 

Hf Ga 5.5 

Hf B2 16.1 

Hf Cu 17.0 

Cu B2 0.4 

Cu Hf 3.4 



TABLE 8 

RELATIONSHIP BETWEEN JVIo Key COMPTON TIME AND CALCULATED m.a .c 1 s 

USING VARIOUS DATA TABLES 

Mass Absorption Av. R.S.D. (%) Max. Error (%) Intercept on 
Coefficients m.a.c. Axis 

Heinrich (1966) calc. 1.36 3.97 1.03 

Dewey (1967) calc. 1.49 l+.1+2 0.44 

Philips (19'62) calc. 1.55 4.01 0 .15 

Birks ( 19 59) calc. 1.80 4.43 -0.33 

Birks ( 1972) calc. 1.80 5.16 -0.65 

Measured (transmission) 
0.82 1. 91 -0.00 method 

Note: Maximum errors and average R.S.D. are calculated using residuals 
from a reduced major axis regression line (which assumes errors 
in X and Y) fitted to the data points. Times for 400,000 counts 
were measured using a Y203 filter. 
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1.0 

TABLE 10 

COMPARISON OF MoKcx COMPTON PEli.K MASS ABSORPTION COEFFICIENTS DETERMINED 

DURING A GALLIUM RUN (NO FILTER) WITH THOSE DETERMINED FOR THE SAME SAMPLES 

USING A Y203 FILTER 

Mass absorption coefficients 

Sample Y203 Filter 

W-1 15.42 

G-1 10.13 

MRG-1 19.70 

Knippa 17.25 

Olivine 11.61 

EG 4489 14.08 

NIM-G 9.81 

Chassigny 20.68 

Bondoc 15.89 

Mt. Pad bury 21.19 

Estherville 17.28 

Patwar 24.52 

G-2 10.53 

BCR-1 16 .18 

Mean difference without regard to sign 

Mean difference 

are for the Rb 

No Filter 

15.36 

10 .18 

19.66 

17 .27 

11.69 

13.94 

9.85 

20.78 

15.83 

21.12 

17.35 

24.14 

10.64 

16 .31 

Ka: wavelength. 

% Difference 

-0.4 

-+-0. 5 

-0.2 

-+-0. 1 

+o. 7 

-1.0 

+o.4 

-+-0. 5 

-0.4 

-0.3 

+o.4 

-1.5 

+1.0 

-+-0. 8 

0 .6/o 

+o.04% 
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TABLE 14 

COMPARISON OF Ga VALUES FOR u.s.G.S. STANDARD ROCKS DETERMINED IN THIS WORK 

WITH "PREFERRED AVERAGES" OR "USABLE VALUES" CALCULATED FROM DATA 

REPORTED IN THE LITEHATURE 

Standard "Preferred averages or usable values" This work 

This work Steele Abbey Mean 

G-1 18.6(5) 18.4(4) 18.5(9) 18.5 18.7 

W-1 16.9(9) 16. 7 ( 11) 16.9(11) 16.8 16.5 

G-2 21.0(5) 21.2(4) 21.4(7) 21.2 21.2 

GSP-1 ·20.2(5) 19.9(4) 20.4(6) 20.2 21.0 

BCR-1 21.9(5) 21.9(3) 21..8(8) 21.9 20.9 

AGV-1 19.4(4) 19.2(3) 19.8(6) 19.5 19.4 

PCC-1 o.s 0.5 0.6 

DTS-1 0.3 0.3 0.4 

All values in ppm Ga. The figures in brackets indicate the number of 

determinations rejected before calculating the pref erred averages or usable 

values. Total number of determinations used in the calculations are given 

in Table 13. The values under headings Steele and Abbey have been calcula­

ted using the criteria described by these authors (see text). 
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TABLE 16 

CONCENTRATIONS OF Zn IN SOME STANDARD ROCKS DETERMINED USING 

THE ZnK~ LINE DURING THE DETERMINATION OF Ga 

Sample This work Flanagan (1973) Steele et al.(1978) 
ppm ppm ppm 

G-1 46 45* 

W-1 84 86~" 

G-2 83 85* 

GSP-1 100 98* 

AGV-1 86 84* 

BCR-1 124 120~" 

PCC-1 41 36'l'c 

DTS-1 43 45* 

NIM-D 89 90 90* 

NIM-G 44 60 so~" 

. NIM-L 446 320+ 395* 

NIM-N 57 80 68•k 

NIM-P 105 100 100~'< 

NIM-S (7 21 10? 

GA 98 75* 

GH 99 80* 

GR 79 6Qic 

BR 160 160~'< 

T-1 180 

. JG-1 37 

JB-1 86 

MRG-1 210 

Knippa 134 
basalt 

G-1 and W-1 used as reference standards. s.d. of this method 

= 2-3 ppm (ls). D.L. = 6-10 ppm. * = recommended value. 
+ c 

Flanagan are averages. = magnitude. Other values under 
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TABLE 17 

CONCENTRATIONS OF Cu IN SOME STANDARD ROCKS DETERMINED USING 

· · THE CuK~ LINE DURING THE DETERMINATION.OF Ga 

Sample This work Flanagan (1973) Steele et al.(1978) 
ppm ppm ppm 

G-1 12 13* 

W-1 110 . 110* 

G-2 8 12 

GSP-1 32 33 

AGV-1 59 60 

BCR-1 20 18 

PCC-1 13 11 

DTS-1 11 7 

. NIM-D 17 8 10* 

NIM-G 13 15 12* 

·NIM-L < 11 15 13-1: 

NIM-N 15 13 14* 

NIM-P 24 17 18~" 

NIM-S 19 23 19~" 

GA 14 14* 

GH 11 12* 

GR 380 345* 

BR 78 70* 

T-1 44 

JG-1 (8 3.3+ 

JB-1 52 52 

MRG-1 134 

Knippa 67 
basalt 

G-1 and W-1 used as reference standards. s.d. of this method 

=2-3 ppm (lsc). D.L. = 6-10 ppm. * = recommended values. 
+ Other values under Flanagan are averages. = magnitudes. 
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TABLE 18 

CONCENTRATIONS OF Hf IN SOME STANDARD ROCKS DETERMINED USING 

THE HfL~1 LINE DURING THE DETERMINATION OF Ga 

Sample This work Flanagan Univ. Oregon* Fesq et al. Steele et al. 
(1973) (1972) 

ppm ppm ppm ppm 

· G-1 5.8 5.2 

W-1 (3.8 2.7 2.5 2.5 

G-2 7.6 7.4 7.4 

GSP-1 15.4 15 .• 9 12-15 14 

AGV-1 4.5 5.2 5.0 

BCR-1 4.5 4. 7 4.5-5.0 4.8 

NIM-G 12.0 + 12. 

NIM-L 277 250+ 

Best fit working curve through USGS standards used to derive values. 

+ =magnitudes. Other values under Flanagan are averages. 

(1978)-
ppm 

12 .1 

202 

·s.·d. = 0.4-0.6 ppm (ls). D.L. = 3.4-3.8 ppm •. * A.R. Duncan (pers. comm.). 
c 



KEY TO SOURCES OF DATA IN TABLES 19-25, 27-29 

(1) Fouche and Smales (1967) 

(2) Rieder and Wanke (1969) 

(3) Schaudy ~t al. (1968) 

(4) Case et al. (1969) 

(5) Greenland (1965) 

(6) Case et al. (1973) 

(7) Baedecker et al. (1972) 

(8) Baedecker and Wasson (1975) 

(9) Chou et al. (1976a) 

(10) Clarke et al. (1970) 

(11) Ikramuddin et al. (1975) 

(12) Onishi and Sandell (1956) 

(13) Chou et al. (1973) 

(14) Laul et al. (1970) 

(15) Schaudy et al. (1967) 

(16) Tandon and Wasson (1968) 

(17) Chou and Cohen (1973) 

(18) Mason and Graham (1970) 

(19) Keays et al. (1971) 

(20) Binz et al. (1974) 

(21) de Laeter (1972) 

(22) Ikramuddin et al. (1976) 

(23) Laul et al. (1972) 

(24) Wasson and Baedecker (1970) 

(25) Wanke et al. (1972b) 

(26) Wasson et al. (1976) 

(27) Binz et al. (1975) 

(28) Chou et al. (1976b) 

(29) Hecht and Fenninger (1965) 

(30) Binz et al. (1976) 

(31) Ikramuddin et al. (1977) 

(32) Moss et al. (1967) 

(33) Allen and Mason (1973) 

(34) Cobb and Moran (1965) 

(35) Wanke et al. (1970) 

(36) Rambaldi (1976) 

(37) Bauer and Schaudy (1970) 

(38) Lovering et al. (1957). 

(39) Wasson et al. (1974) 

(40) Baedecker and Wasson (1970) 
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TABLE 25A 

GALLIUM ABUNDANCES IN CHONDRITIC AND ACHONDRITIC METEORITES: 

COMPARATIVE DATA 

Meteorite Number of Number of Concentration Mean Source 
Type Determinations Met~orites Range ppm 

Analysed ppm 

Carbonaceous 

Ci 2 2 9.2-10.0 9.6 (1) 

3 2 12-17 14 (5) 

2 2 8.8-10.0 9.4 (6) 

4 1 8.4-11.0 10.5 (9) 
C2 2 2 8.1-8.2 8.2 (1) 

2 2 9.6-10.4 1.0 (5) 
1 1 7.8 (2) 

4 3 6.3-7.7 7.1 (6) 

6 3 7.7-7.8 7.8 This work 
C3 2 2 6.5-6.8 6.7 (1) 

7 6 6.0-11.5 9.1 (5) 

3 3 5.3-6.8 5.9 (2) 

7 6 4.9-8.1 6.5 (6) 

27 9 4.9-8.4 6.2 This work 

2 1 3.6 This work 

C3-0 5 4 6.4-8.1 7.2 (6) 

13 4 6.6-8.4 7.3 This work 

C3-V 1 1 7 (10) 

1 1 2.5 (3) 

2 2 4.9-5.1 5.0 (6) 

14 5 4.9-6.0 5.3 This work 

2 1 3.6 This work 

2 1 5.6-5.6 5.6 (8) 

6 1 5.6-6.2 5.9 (9) 

Bronzite (H-Grou12) 1 1 5.0 (21) 

1 1 4.6 (14) 

7 7 4.9-5.8 5.3 (1) 

2 2 4.0-6.2 5.1 (5) 

9 9 4.2-6.8 5.4 ( 12) 

9 7 4.9-5.8 5.4 (2) 

12 4 -2.5-5.4 4.1 (3) 

3 3 4.3-4.6 4.5 (6) 

40 11 4.9-6.0 5.4 This work 

3 1 9.8 This work 
Contd. 
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TABLE 25B 

Meteorite Number of Number of Concentration Mean Source 
Type Determinations Meteorites Range ppm 

Analysed ppm 

H~Eersthene (1-GrouE) 

1 1 4.9 (29) 

5 5 4.5-8.7 6.5 (15) 

1 I 1 5 (18) 

2 2 4.0-4.6 4.3 (14) 

7 7 4.7-8.6 5.6 (1) 

2 2 4.0-6.6 5.2 (5) 

9 9 4.4-6.0 5.2 (12) 

39 13 3.0-8.7 4.9 (3) 

46 20 4.3-6.1 5.3 (16) 

3 3 4.3-4.4 4.4 (21) 

3 3 4.0-4.6 4.2 (6) 

55 20 4.4-6.1 5.1 This work 

16 7 5.0-6.9 5.9 (19) 

AmEhoterite (116) 

1 1 4.6 ( 15) 

1 1 5 (18) 

4 2 4.5-5.1 4.8 This work 

Uneguilibrated 

113 4 If 2.9-6.0 4.6 (6) 

2 1 4.4 This work 

2 2 4.2-5.0 4.6 (30) 

2 1 4.9-5.1 5.0 (19) 

13 2 1 4.5-5.0 4.8 (19) 

4 1 5.2-6.3 5.8 (31) 

3 3 4.0-5.1 4.6 (6) 

13 6 3.6-6.2 5.2 (16) 

5 5 5.2-9.8 6.8 (30) 

14 3 3 5.7-7.4 6.5 (30) 

H3 4 4 4.0-5.0 4.7 (6) 

2 2 5.9-8.4 7.2 (30) 

Contd. 
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TABLE 25C 

Meteorite Number of Number of Concentration Mean Source 
Type Determinations Meteorites Range. ppm 

Analysed ppm 

Enstatites 

E4 1 1 18 (21) 

5 2 17-22 17 (1) 

3 2 17-32 22 (5) 

5 3 10-17 14 (20) 

4 2 17-20 18 This work 

8 3 12-18 16 (8) 

E5 2 2 10-13 12 (20) 

2 1 16 This work 

2 1 16-17 17 (8) 

E6 1 1 12 (2) 

5 2 11-13 12 (1) 

6 4 12-17 15 (5) 

4 4 10-12 11 (20) 

6 3 10-11 10 This work 

2 1 5.5 This work 

9 4 7.9-11.6 10 (8) 

Eucrites 

1 1 3.4 (15) 

1 1 2.2 (25) 

8 7 1.3-1.5 1.4 (23) 

4 4. 1.6-1.7 1.7 (24) 

30 8 0.7-1.7 1.4 This work 

11 5 1.5-2.0 1.7 (28) 

Howardites 

2 2 0.9-1.1 1.0 (24) 

6 6 0.7-1.3 1.1 (23) 

24 3 0.6-1.2 0.9 This work 

16 5 0.9-1.4 1.2 (28) 

Sheq~ottites 

1 1 16.7 (28) 

1 1 13.9 (23) 

Contd. 
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TABLE 25D 

Meteorite Number of Number of Conceni:rc;i.tion Mean Source 
Type Determinations Meteorites Range ppm 

Analysed ppm 

Aubrites 

1 1 0.06 (23) 

7 2 < 0.2 This work 

2 1 6.2-6.4 6.3 This work 

Chassignites 

3 1 0.7-1.0 0.8 This work 

Diogenites 

11 4 < o.4 This work 

5 3 0 .13-0. 23 0.17 (28) 

Nakhlites 

1 1 2.7 (23) 

4 1 2·.6-2.9 2.8 This work 

Ureilites 

11 5 1.0-3.1 2.0 (26) 

6 1 0.6-1.1 o.9 This work 

6 6 1.0-5 .o 3.0 (27) 

1 1 1.1 (25) 

NON-MAGNETIC FRACTIONS 

Bronzite (H-GrouE) 

7 7 2.5-5.5 3.8 (1) 

35 15 2.9-10.7 4.6 (13) 

9 4 3.2-4.9 3.7 This work 

1 1 2.4 (32) 

H;n~ersthene (L-GrouE) 

9 9 3.8-8.9 5.3 (1) 

3 3 3.7-4.8 4.1 (32) 

5 3 5.0-5.8 5.4 (13) 

13 12 4.0-8.9 5.8 (17) 

16 14 2.7..15.3 4.4 This work 

Am12hoterite (115) 

1 1 5.4 ( 17) 

Contd. 
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TABLE 25E 

Meteorite Number of Number of Concentration Mean Source 
Type Determinations Meteorites Range ppm 

Analysed ppm 

NON-MAGNETIC FRACTIONS contd. 

Enstatite 

E4 3 2 1.0-5. 2 3.7 (1) 

ES 2 1 1.1-1.4 1.2 This work 

E6 2 2 0.3-0.5 0.4 (1) 

1 1 0.7 (32) 

1 1 0.3 (2) 

6 1 < 0.2-0.6 0.4 This work 

N.B. Troilite was not removed from the non-magnetic fractions reported in 

"This work", but was removed from the non-magnetic fractions analysed 

by other workers. 
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TABLE 26A 

SUMMARY OF GALLIUM ABUNDANCES IN INDIVIDUAL CLASSES OF 

STONY AND STONY-IRON METEORITES 

Type Number of Number of Concentration Mean 
Determinations Specimens Range ppm 

Analysed ppm 

Carbonaceous 

C1 4(7) 4(6) 8.8-10(17) 9.5(11.0) 

C2 13 ( 15) 9(11) 6.3-8.2(10.4) 7.7(8.1) 

C3 39(48) 20 (27) (3.6)4.9-8.4(11.5) 6.3(6.8) 

C3-0 18 8 6.4-8.4 7.3 

C3-V 19(22) 9(11) (2.5)4.9-7.0 5.5(5.0) 

Chondritic 

Bronzite ~-group) 88(91) 48(49) 2.5-6.8(9.8) 5.1(5.2) 

Hypersthene (L~group) 205 102 3.0-8.7 5.2 

Amphoterii:e 116 6 4 4.5-5.1 4.8 

Unequilibrated 113 8 7 2.9-6.0 4.6 

L3 18 11 3.6-9.8 5.9 

H3 2 2 5.9-:-8.4 7.2 

Enstatite E4 23(26) 11 ( 13) 10-22(32) 16 (17) 

E5 6 4 10-17 14 

E6 25(33) 14(19) (5.5)7.9-13(17) 11(11) 

Achondritic 

Eucrites 55 26 0.7-2.2(3.4) 1.5(1.6) 

Howardites 48 16 0.6-1.4 1.1 

Aubrites 8(10) 3(4) 0.06-(0.2(6.3) "'0.1 

Diogenites 16 7 0 .13-0. 23 0 .17 

Ureilites 24 13 0.6-5.0 2.3 

· Nakhlites 5 2 2.6-2.9 2.8 

Chassignites 3 1 0.7-1.0 0.8 

Shergottites 2 2 13.9-16.7 15.3 

Angrite 1 1 o.4 0. l+ 

Mesosiderites 

Sub-group 1 9 4 4.9-6.4 5.6 

Sub-group 3 4(6) 2(3) 8.2-l0.1(9.0) 9.2(9.1) 

contd. 
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TABLE 26B 

Type Number of Number of Concentration Mean 
Determinations Specimens Range ppm 

Analysed ppm 

NON-MAGNETIC FRACTIONS 

Bronzite (H-groue) 50(2) 27 2.5-8.5(10.7) 4.1(4.2) 

H}'.:eersthene (1-gro_~p) 46 41 2.7-8.9 5.1 

Am:ehoterite (115) 1 1 5.4 

Enstatite E4 3 2 1.0-5. 2 3.7 

ES 2 1 1.1-1.4 1.2 

E6 10 5 0.2-0.7 0.4 

Mesosiderite 14 7 2.0-4.9 3.4 

In some cases what appear to be anomalous values have been excluded from the 

calculations, but are included in brackets. In the case of mesosideritc sub­

group 3f Emery's classification is unknown, but as its Ga value lies between 

those of the other two members of this-group, it has been included, in 

brackets, with this group. The number of specimens represents the total 

number of individual portions of meteorites analysed. No attempt has been 

made to calculate mean values for each meteorite and 'then average them. 
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TABLE 27 

GALLIUM IN SEPARATED METAL PHASES OF STONY AND STONY-IRON METEORITES 

Class Number Range Mean Ref. 
analysed ppm ppm 

Metal 

H 1 21-26 24 (33) 

H3 1 6.2 (1) 

H3 3 2.4-8.9 6.3 (17) 

·H4-H6 3 10.0-15.0 13.0 (34) 

H4-H6 7 8.5-14.6 12.1 (1) 

H4-H6 14 12.4-18.0 14.6 (13,17) 

H4-H6 1 16.0 (32) 

H4-H6 1 18.0 (35) 

L3 5 L 1-5 .2 3.5 (13, 17) 

L3 r 1 1.6 (36) 
I 

L4-L6 31 2.0-36.9 13.9 (13,17) 

L4-L6 1 32.0 (35) 

L4-L6 7 6.3-31.5 13.0 (36) 

L4-L6 3 11.0-15.0 13.0 (34) 

L4-L6 9 3.4--26.0 11.4 (1) 

L4-L6 3 12.0-19.0 15.0 (32) 

L6 1 22.0 (18) 

LL3 1 1.0 (17) 

L6 1 22-24 23 (33) 

LL4-LL6 7 5.4-34.1 l.6 .6 (17) 

LL6 1 rn.o (18) 

H and L 3* 12-18 16.0 (12) 

E4 2 61.0-71.0 66 (1) 

E4 1 64 (34) 

E5-E6 1 69 (32) 

E5-E6 1 41 (2) 

E5-E6 2 52.0-60.0 56 (1) 

Mesosiderite 1 3.9 (37) 

1 19 (38) 

17 8.9-15.6 12.9 (39) 

1 1.0 {40) 

1 8.6 (40) 
A 

Eucrite 1 9.0 (35) 

Aubrite 1 43.0 (35) 

Ni-rich Taenite 

Hl•-116 1 28.0 (32) 

L4-L6 3 33.0-39.0 36.0 (32) 

* Composite samples. 



TABLE 28 

GALLIUM IN SEPARATED NON-METALLIC PHASES OF STONY AND STONY-IRON METEORITES 

Class 

Sulphide 

H4-H6 

L4-L6 

L4-L6 

·L6 

LL6 

H and L 

H 

E6 

E6 

Number 
analysed 

1 

3 

1 

t 

1 

3* 

1 

1 

1 

Non-magnetic (~ilicate + sulphide) 

H3 

H4-H6 

H4-H6 

L4-L6 

L4-L6 

E4 

E5-E6 

E5-E6 

E5-E6 

Mesosiderite 

Silicate (no sulphide) 

H3 

H4-H6 

H4-H6 

L3 

L3 

L4-L6 

L4-L6 

L4-L6 

LL5 

E6 

H and L 

Siderophyre 

· Mesosiderite 

Mesosiderite 

Mesosiderite 

1 

4 

6 

9 

14 

2 

2 

1 

2 

7 

3 

12 

1 

1 

1 

11 

2 

3 

1 

1 

3*. 

1 

1 

2 

7 

Range 
ppm 

2.0-14.0 

6-9 

9.0-14.0 

1-2 

3.3-4.6 

2.5-4.5 

3.9-8.9 

2.7-5.3 

1.0-5.2** 

0.4-1. 2 

0.25-0.48 

2.0-4.9 

5.2-9.2 

3.0-4.5 

4.0-7.1 

5.3-5.6 

3.7-4.8 

3.0-3.2 

2.6-5.0 

0.7-4.6 

Mean 
ppm 

9.0 

6.0 

6.0 

7.5 

5.0 

11.0 

1.5 

o.o 
1.0 

5.5 

3.7 

3.5 

5.3 

4.4 

3.0 

0.8 

0.3 

0.4 

3.4 

7.3 

4.0 

2.4 

8.9 

5.3 

5.7 

5.5 

4.1 

5.4 

0.1 

3.1 

0.4 

0.5 

3.8 

2.7 

Ref. 

(32) 

(32) 

(18) 

(33) 

(18) 

(12) 

(33) 

(32) 

(33) 

(1) 

This work 

(1) 

(1) 

This work 

(1) 

This work 

(2) 

(1) 

This work 

(13) 

(13) 

(32) 

(17) 

(13) 

(17) 

(13) 

(32) 

(17) 

(32) 

(12) 

(3) 

This work 

(39) 

This work 
(calculated) 

* Composite samples. ** Values affected by metal phase contamination. 
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TABLE 29 

GALLIUM IN MINERAL PHASES OF STONY AND STONY-IRON METEORITES 

Mineral Number Range Mean Class 
analysed ppm ppm 

Olivine 5 0 •. 6-2.0 1.5 L6, 1L6, Palla sites 

Orthopyroxene 7 < 1.0-'5 .o 1.6 16, LL6 5 Howardite, 
E6, H, Aubrite, 
Anomalous chondrite 

Clinopyroxene 6 1.0-4.0 '2.0 Eucrite, Anomalous 
chrondrite, H, 16 

Chromite 3 50.0-90.0 68.0 16, 116, H 

Phosphate 2 2.0-2.0 2.0 16, 1L6 

Plagioclas·e 

3 3-9 4.3 Eucrite 

2 17.0-23.0 20.0 1-group 

1 8.0 Anomalous chondrite 

1 16.0-18.0 17 .o H-group 

1 1.0 E6 

All data from Mason and Graham (1970), and Allen and Mason (1973). 
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TABLE 30 

THE CLASSIFICATION OF METEORITES 

(Figures in parentheses are the numbers of observed falls in each class) 

Group 

Chondrites 

Achondrites
1 

Stony-irons 

Irons 

CJ.ass 

Enstatite (11) 

Bronzite (236) 

Hypersthene (327) 

Carbonaceous (33) 

Aubrites (8) 

Diogenites (9) 

Chassignite (1) 

Ureilites (3) 

Angrite (1) 

Nakhlite (1) 

Howardites (18) 

Eucrites (25) 

Shergottite (1) 

Palla sites (2) 

Siderophyre (1) (Find) 

Lodranite (1) 

Mesosiderites (6) 

Hexahedrites (7) 

Octahedrites (32) 

Ni-rich ataxite (1) 

Principal minerals 

Enstatite, nickel-iron 

Olivine, bronzite, nickel-iron 

Olivine, hypersthene, nickel-iron 

Serpentine, olivine 

Enstatite 

Hypersthene 

Olivine 

Olivine, clinobronzite, nickel-iron 

Augite 

Diopside, olivine 

Hypersthene, plagioclase 

Pigeonite, plagioclase 

Augite, pigeonite, plagioclase, 
iron oxides 

Olivine, nickel-iron 

Orthopyroxene, nickel-iron 

Orthopyroxene, olivine, nickel-iron 

Pyroxene, plagioclase, nickel-iron 

Kamacite 

Kamacite, taenite 

Taenite 

1sometimes subdivided into calcium-poor achondrites (aubrites, diogenites, 
chassignite, ureilites) and calcium-rich achondrites (angrite, nakhlite, 
howardites, eucrites). 

Taken from Mason (1972). 
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TABLE 37 A 

Ga CONTENTS OF SOME IMPORTANT ROCK-FORMING MINERALS 

· · ·ABSTRACTED· FROM· THE· LITERATURE AND. THIS WORK 
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TABLE 37B 

Mineral n Ga ppm Ga/Al x 10000 n 
Range Mean Mean Range 

Garnet 37 1-19 8 o. 7 0.4-3.0 34 

This work 5 6-13 9 0.8 0.6-1.2 5 

Olivine 12 1-5 2 

This work 1 < 0.3 

Andalusite 18 8-210 63 2.2 0.2-2.5 8 

Sillimanite 10 31-95 63 2.0 6 

Kyanite 46 10-158 36 0.9 0.8-1.1 29 

Epidote 7+ 4-57 25+ 

This work 1 34 2.5 1 
.... 
Corundum 2 0-100 50 

This work 1 100 1.9 1 

Tourmaline 24 14-90 69 4.2 2.9-5.2 18 

This work 2. 29-37 33 1.8 1.6-2.0 2 

Quartz 64 .01-6 0.6 

Magnetite 47 10-120 63 

This work 5 49-54 52 

Chromite 8 4-18 7 

This work 5 18-58 40 

Ilmenite 19 1-9 2 

This work 5 16-21 18 

Titanornagnetite 8 7-80 68 

Haematite 4 1-2 2 

Goethite 1 1 

Limonite 2 1-6 3 

Ru tile 1 2 

Spinel 1 45 

This work 1 29 3.1 1 

Calcite 4 0.1-0.5 0.3. 

Dolomite 1 0.1 
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TABLE 39A 

A COMPARISON BETWEEN DATA PRESENTED IN THIS WORK AND THAT FROM THE 

LITERATURE FOR Ga AND Ga/Al IN SOME MAJOR ROCK TYPES 

Type No. of Ga 4 ppm Ga/Al x 10 
samples Range Mean Range Mean 

Alkali syenite 15 24 3.0 

This work 8 13-24 17 1.5-2.5 1.8 

Nepheline syenite 88 20-50 44 2.2-4.7 . 4.3 

This work 29 20-46 32 1.9-5.6 3.3 

Foyaite 9 24-76 50 7.7-7.9 7.8 

This work 13 15-27 19 1.3-2.9 1.8 

Phonolite 5 19-22 21 1.9-2.3 2.2 

This work 25. 21-67. 32· 1.9-7.0 3.2 

Comendite 9 25-38 32 4.0-5.9 4.9 

This work 3 26-39 31 3.1 

Rhyolite 5 16-22 19 2.4-2.7 2.6 

This work to 15-36 22 2.2-4.4 3.1 

Granodiorite 51 11-39 17 1.3-5. 7 2.2 

This work 17 15-22 19 1.9-2.8 2.3 

Granites 565 11-60 20 1.5-8.3 2.8 

This work 64 9-39 20 1.5-5.8 2 •. 6 

Monzonite 10 23 3.0 

This work 12 21-28 22 2.4-3.4 2.8 

Tona lite 2 20-21 21 2.1-2.4 2.3 

This work 4 15-17 16 2.0-2.1 2.1 

Txachyt~ 7 17-25 20 

This work 24 18-39 28 2.3-3.9 3. 1 

Andesite 18 14-25 16 1.8-2.9 2.0 

This work 5 15-24 21 2.4-3.1 2.8 

Syenite 107 13-40 19 1.3-5.0 2.2 

This work 3 21-28 24 1.9-2.9 2.5 

Diorite 93 6-30 17 0.8-4.7 1.9 

This work 10 21-25 22 2.5-2.8 2. 8 

Basaltic rocks 271 12-30 18 1.4-4.4 2.2 

This work 276 7-29 18 1.1-4.8 2.4 

Basalt 97 12-30 19 1.4-4.4 3.1 

This work 1.53 7-29 20 1.5-4.4 2.6 

contd. 
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TABLE 39B 

Type No. of Ga ppm Ga/Al x 10
4 

samples Range Mean Range Mean 

Tholeiite basalt 41 6--31 14 0.9-5.1 1.8 

This work 88 10-23 16 1.1-2.9 1.9 

Dolerite 20 16-30 22 

This work 74 11-23 16 1.6-3.2 2.1 

Gabbroid rocks 155 5-37 16 1.0-6 .1 2.1 

This work 230 7-32 17 1.4-3.4 2.2 

Olivine & quartz gab bros 3 20-30 25 1.9-3.0 2.6 

This- work 91 9-25 17 1.4-3.4 2.2 

Gabbro-picrite 2 5-10 8 2.2 

This work 17 10-25 15 2.5-3.4 2.7 

No rite 12 10-30 19 1.0-3. 7 2.3 

This work 14 7-32 14 1.4 

Gab bros & f errograbbros 41 10-37 20 1.2-6.1 2.4 

This work 49 9-29 20 1.4-3.4 2.6 

Anorthosite 4 19-21 20 1.2-1.5 1.3 

This work 46 14-45 19 1.1-2 .4 1.3 

Serpentinite 17 1-8 2 3.0-4.1 3.6 

This work 3 1-2 2 1.5-2.4 1.9 

Pyroxenite 27 3-30 7 1.0-9.7 4.0 

This work 14 1-6 3 1.2-1. 8 1.4 

Kimber lite 24 < 3-30 <9 1.0-4.1 ? 

This work 103 < 1-35 7 1.4-14. 7 3.9 

Kimberlitic xenoliths 

This work 1.19 < 1-21 6 0.5-41.3 2.7 

Harzburgite 2 1-4 3 LS 

This work 10 2-6 4 1.6-1.9 1. 7 

Peridotite 27 1-11 4 0.6-3.8 1.2 

This work 7 1-6 3 0.6-2.0 1.4 

Dunite 15 0.5-1 1 0.2-1.1 0.8 

This work 4 0.4-5 2 

All literature data taken from Burton and Culkin (1972). 



TABLE 1+0 

COMPARISON OF PEARSON'S CORRELATION COEFFICIENTS (r) BETWEEN 

Ga-Al AND Ga-(Al+Fe3) FOR A NUMBER OF ROCK SUITES 

138 

Rock suite Ga-Al 
r 

Ga-(Al+Fe
3

) 
r 

Number of 
data points 

Doros igneous complex 

Erongo igneous complex 

Losberg igneous complex 

Anorthosites (Kunene) 

Mica-rich kimberlites 

Matsoku xenoliths 

Okonjeje igneous complex 

Tholeiitic series 

Gabbro-picrites 

Olivine gabbros 

Olivine ferrogabbros 

Alkali.__syenites 

Alkali series 

Alkali olivine gabbros 
(granu lit i sed) 

Alkali olivine gabbros 

Nepheline olivine gabbros 

Melteigite + camptonite 

Bouvetoya Island 

Gough Island 

0.91 

-0.24 

0.94 

o. 79 

0.92 

0.97 

0.93 

0.63 

0.20 

0.51 

0.92 

0.55 

0.87 

0.88 

-0.63 

1.00 

0.95 

-0.71 

0.95 

0.75 

0.34 

0.95 

0.84 

0.75 

-0.08 
-

0.80 

0.78 

o.91 

0.94 

0.66 

-0.91 

0.98 

9 

6 

18 

24 

15 

9 

16 

30 

15 

6 

6 

18 

8 

14 

13 

7 

r =Pearson's product moment correlation coefficient. This table should 
be read in conjunction with Figs 75-83. 
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TABLE 44A 

COMPARATIVE DATA FOR Ga AND Ga/Al IN ABYSSAL THOLEIITES FROM THE 

ATLANTIC, PACIFIC AND INDIAN OCEANS, THIS WORK 

Location 

Atlantic Ocean 

Mid-Atlantic Ridge 45°N 

Mid-Atlantic Ridge 36°N 

Mid-Atlantic Ridge 30°N 

Mid-Atlantic Ridge 22°N Dolerite 

Mid-Atlantic Ridge 22°N 

Mid-Atlantic Ridge 10°N 

Mid-Atlantic Ridge 6°S 

Mid-Atlantic Ridge 21°s 

Mean of 8 locations 

Pacific Ocean 

. East Pacific Rise 

Juan de Fuca Ridge 45°N 
0 

Blanco Fracture Zone 45 N 

Marianas Trench 

Eua Island 

s.d. 

Mean of 5 locations 

Ga 
ppm 

15.5(7) 

14.7(1) 

16.0(8) 

15.4(4) 

. 16.9(4) 

i4.8(1) 

15.2(1) 

17 .5(1) 

15.8 

1.0 

14.5(3) 

17.2(4) 

17.0(1) 

15.0(3) 

14.5(1) 

15.6 

s.d. 1.4 

Indian Ocean 

C 1 b d 5L20N ar s erg Ri ge ~-

Leg 25, Deep Sea Drilling Project 

Leg 25, Deep Sea Drilling Project, Site 248 

Mean of all oceans 

(n) = number of samples. 

Mean of 2 locations 
excluding Site 248 

15. 7 ( 4) 

15.5(5) 

22.4(3) 

1.5.6 

15.7(48) 

Range in Ga/Al ratio due to analytical error = ± 0.2 (3s). 

Range in Ga due to analytical error = + 0.6 (3sc). 

Ga/Al 
x 10000 

1.9("1) 

1.8(1.) 

2.1(4) 

1. 8(2) 

1.8(2) 

1.5(1) 

1.9(1) 

2.2(1) 

1.9 

0.2 

1.9(2) 

2.1(1) 

2.0 

1.8(4) 

1.9(5) 

2.5(3) 

1.9 

1.9 (30) 



TABLE 44B 

COMPARATIVE DATA FOR Ga AND Ga/Al RATIO IN DSDP AND DREDGED BASALTS 

Sample Localities 

DSDP Basalts 

Leg 2, N. Atlantic 

Leg 3, S. Atlantic 

Leg 11, W. margin N. Atlantic 

Leg 18, N.E. Pacific margin 

FROM ALL OCEANS 

Leg 19, N. Pacific and Bering Sea 

Leg 22, central Indian Ocean, Site 215 

Leg 22, central Indian Ocean, Sites 214 & 216 

Leg 24, W. & NW. Indian Ocean 

Leg 25, W. Indian Ocean 

Leg 28, S.E. Indian Ocean 

Leg 29, Tasman Sea 

Dredged Basalts 

Atlantic Ocean 

Mid-Atlantic Ridge 

Mid-Atlantic Ridge 

Pacific Ocean 

Carlsberg Ridge, Indian Ocean 

Mid-ocean Ridge, Indian Ocean 

Arnirante Ridge, Indian Ocean 

Gulf of Aden, Indian Ocean 

Oceanic tholeiites, all oceans 

Oceanic alkali basalts, all oceans 

Dredged basalts, mean 

DSDP basal ts, mean 

Ga 
ppm 

17(4) 

16 (15) 

15(14) 

17(3) 

15(3) 

17(5) 

20( 13) 

14(13) 

16(5) 

17 (21) 

15(9) 

16(5) 

18(33) 

14(12) 

18(5) 

20(6) 

13(2) 

15(3) 

15(7) 

17 

22 

16 

16 

Ga/Al 
x 10000 

2.0(4) 

1.9(9) 

1.8(14) 

2 .1(3) 

1. 9 (3) 

2.0(4) 

2.7(8) 

1. 9 (5) 

2.0(21) 

1. 8 (9) 

1.7(5) 

2.2(33) 

1. 7(12) 

2.0(5) 

2.3(6) 

1.5(2) 

1. 7(3) 

1.7(5) 

1.9 

2.3 

1.9 

1.9 This 
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Ref. 
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2 

3 

4 

5 

5 

6 

7 
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9 
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11 

12 
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14 
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10 

10 

7 

work 

References: 1 - Frey et al. (1974); 2 - Bryan et al. (1977); 3 - MacLeod 
and Pratt (1973); 4 - Stewart et al. (1973); 5 - Thompson et al. (1974); 
6 - Engel et al. (1974); 7 - this work; 8 - Ford (1975); 9 - Ovenshine 
et al. (1975); 10 - Engel et al. (1965); 11 - Melson & Thompson (1971); 
12 - Thompson et al. (1972);-13 - Cann (1969); 14 - Engel & Fisher (1969); 
15 - Fisher et al. (1968); 16 - Cann (1970). 
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TABLE 51 

GALLIUM DISTRIBUTION IN ISLAND HOCKS FOR WHICH NO DIFFERENTIATION INDICES 

ARE AVAILABLE 

1 Hawaiite' 1 Mugearite' 1 Benmoreite' 1 Trachyte 1 

Island 

Atlantic Ocean 

Azores (Flores) 17.2 18.6 20.6 

Madeira 22.0 22.4 

Tenerif e 22.2 

Cape Verde 19.9 

Jan Mayen 17 .9 16.9 16.3 

St. Helena 22.0 32.3 

Pacific Ocean ', 

Pitcairn 24.0 25.0 38.0 

Chatham 21.3 

Japan 16 .1 

Indian Ocean 

Heard 19.4 20.4 31.8 29.6 

Amsterdam 15.8 

Kerguelen 18.7 27.1 

Crozet 20 

Reunion 23.3 

See Table 48 and text for explanation of rock types. 
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TABLE 57 

COMPARATIVE .GALLIUM DATA FOR ROCKS FROM THE SKAERGAARD INTRUSION 

Vincent & Baedecker Wager & 
Sample This Work Nightingale Paster et al. et al. Mitchell 

(1974) (1974) (197f) (1951) 

4489 34.2 36.6 

4328 21.0 21.4 

4332 34.4 34.3 

5181 25.0 26.3 26 

4427 21.8 22.1 18 

4526 9.0 9.9 

4507 18.5 19.2 19 22.2 

3058 16.3 20 

1851 15. 7 15 

All data in ppm. 
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TABLE 75 

SUMMARY OF MEAN Ga AND Ga/Al VALUES FOR CONTINENTAL DOLERITES AND BASALTS 

Locality Dolerite Basalt Age 
Ga Ga/Al Ga Ga/Al m.y. 

Precambrian rocks 
ppm x 10000 ppm x 1.0000 

Anarctica 15.3 

Premier 14.2 ;v 1100 

thnkondo 15.4 2.0 ,.., 1100 

Karroo rocks 

Spitskopvlei 17 .2 2.2 ) 

Storrnberg 17 .1 2.1 17 .1 2.0 
) 
) 150-190 

Central area 15.6 1.9 ) 

Southern Lebornbo 21.0 19.6 2.1 
) 
) 

Southern S.W.A. 15.4 1.8 15.9 2.0 160-180 

Northern s.w.A. 17 .6 2.5 18.3 2.5 110-130 

Wankie 23.3 3.3 ) 

Nyarnandhlovu 24.3 3.5 
) 
) 

Featherstone 19.0 3.3 ) 

Tuli 24.0 3.5 
) 170-200 
) 

Nuanetsi 22.6 3.0 ) 

Botswana 22.8 3.2 29.0 4.4 
) 
) 

Brazil (Parana) 

Southern 19 .1 2.5 19.1 2.6 ) 

Northern 19.3 2.7 22.4 3.3 
) 120-130 
) 

Others 

Greenland 20.7 

Tasmania 15.0 

Barberton Mountain Land 

Kornati and Hoogenoeg Formations - 12.2 1.7 ) 

Kromberg Formation 16.7 2.4 
) )3400 
) 

Nockolds and Allen (1956) 

Karroo dolerites, South Africa 

Main Trend 24.0 3.0 

Iron-rich Trend 27.0 3.5 

Mt. Arthur tholeiite 23.0 3.0 
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TABLE 77 

DATA FROM MESONORM CALCULATIONS ON GRANITES AND ASSOCIATED FELDSPARS FROM 

FRESH, PARTLY WEATHERED AND WEATHERED GRANITES FROM THE CAPE PENINSULA 

Sample Quartz Orthoclase Al bite Anorthite Biotite Corundum Ga 
% % % % % % ppm 

KF rock 36 24 23 3 8 4 18.4 

- KI rock 34 37 12 0 6 10 19.9 

KW rock 46 28 4 0 8 12 21.8 

SF rock 31 26 26 4 8 3 18.7 

SI rock 40 34 9 0 8 7 20.0 

SW rock 52 17 6 0 8 15 21.5 

MF rock 21 41 27 2 5 2 16.6 

MI rock 39 33 11 0 7 8 18.1 

MW rock 45 31 4 0 8 11 22~4 

Felds2ars 

KF 6 60(64) 30(32) 2 0 1 15.0(16.0) 

KI 13 62(71) 23(26) 0 0 2 13.5(15.5) 

KW 7 82(88) 9 (10) 0 0 3 16.0(17.2) 

SF 13 51(59) 31(36) 3 0 1 13.5(15.5) 

SI 8 73(79) 16 ( 17) 0 1 3 16.0(17.4) 

SW 11 78(88) 4(5) 0 1 6 17.5(19. 7) 

MF 11 58(65) 29(33) 1 0 1 13.0(14.6) 

MI 10 72(81) 14(16) 0 0 2 14.0(15.-6) 

MW 7 84(90) 6(7) 0 0 3 15.4(16.6) 

Figures in brackets for feldspars are values calculated on a quartz-free basis. 

F = fresh. I= partly weathered. W =weathered. Sample names.and sites as 

in Table 76. 
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